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SUMMARY .,.. .—
: \. . .

‘A spoiler.ty~e lateral-control sys~ern has b-ee”ndeveloped
for use on the Northrop F-61 airplane. $?he lateral-control <
sy,s,~ep;s. to ,be.used:-with large -span fl ‘ps and. consisti ‘of a

$

“.4

thi.n~”cir,c~lar a$c ~~po’l,J.er, linked with short-span-p-lain ai-”
.—

le:on, located: Ju,st ti~~)oard of the spoi~p”r. This unconven - - ._”
tf,~nal:,,later;al-ic”ont%’bl;”sysfiernhas” been ac ept”e& tii%h“efihusi -

rasli”’~y,,~h’~’~~l”~t% ti-h%&,av”eflown the ‘air-p~ne”. They partic-
ularly apfi~k~ikt””b(:~t’~”+zh’arac:eristi.t!’sat high %peed . T>e-

.-

cornblnhtion “o”:?l’g”hl’”“to’r,ces’;
. ...

favorable y.$iwihg-~oment ,-a–n~ 10”w”
.-..

WI ng’~t &r sio“li’@”‘rn~om’ent.s”;’”:makb” it a very e$fective, ?a%”%~>’~.-”-”
...—

pl}ed &’on{i’&l\‘:h%&.:’&-bntrol:available” a% end. through the “stall .:
is-AI’sO”rem”a~’kab’ly,”~b>&, althbkgh this cha%afiter’istic may be
attribu’hued’~’~In p’a?t”,to an “exceptionally good wing “st-allin_g-
p~t~+iti?rathkh than--entirely t’b the use of the spoil erL%ypG

““””’.f’n”thb:-lknd,ing coh’figuration, the lateral-control “ail”6ron’.
ef”f’&ct~+:6i-6”ks”Incr”&ases automatically with the ext-e~~on ~
wing: fia”p’h’’!o:”that “powerful control is ava~~hble” during th6
approach .- Th”ere;isl however , a decreaae”in effectiveness ToY”
the f’ir%t”:’~”~er’cant of the wheel travel with a resultant tend=
ency foi’-”’inbx~erienced pil”ots to overco-ntro~ slightly at low
speeds;” The fact that ~he”aileron’ cafim-e’full~ “used “d- flie”-”-‘
stall, however , more than compensates for this 10SS of effec-
tiveness with flaps down and greatly enhances the iiirplafie~s
landing performance. .L.—4 .—

— .

INTRODUCTION
.. .

The trend toward the employment of ever-increasing wing
loadings, desirable from the standpoint of hi h-speed per-
formance, has necessarily worked against the $aigt8nanc0” of

—
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low airpla~e,. $.aqd.$ngsyeets: In edditi,on, increasing require-
ments for lateral control have limited the spanwise extent of
the wing flap (whioh is, in many oases, cut Up by large, w~ll-
falred engine nacell:qs) so fhat the attainment of a landing
speed, for a high-performance aircraft, of, say, 80 miles per
hour is no small accomplishment. In most cases the problem
is llsolved\! byfilltn~:-t,he available. w,ing .spaq with a flap of
convenient chord and suffering the consequence QE regards
landing speed. Thl_6j,quas,i,solut$oq: will not do in designs
where landing per”f’ormance is deemed of great importance, and
it then beco~ee necee8ar.y,.for th,e,d.esigner to employ partial-
span flaps of improved quality! namely, multiple-slotited flap,
slotted

7
lUS split flap, Towler flap, and so forth (see re-

erenoe 1 ; or In extreme cae.ee to devise waya and means of
utilizing the wing span norm’ally devoted to ailerons, Both
the above-mentioned possibilities have been the subject of
cone,iderable,wind-tunnal and .fligh$ ,testing, the. results. of
which, have in.di.cated.;that th,e latter ~rea.tme~t, while obviousl-
y. giving ,better,reeu.>t.e’“from ,the.standpoint of maximum U.ft,
i-p,fr.au,~h,twith, many. and varied difficulties as regardql at-
era,l control w a drawback. obviou.ely “not.,apglying to the flrat.,
solution, ,,,., ...... .,- ,,..

,.

‘- In the CBSO” of~”:rb’cent’N6~th.zo~”de ~igp tfigs. l-and 2),
landing..a,nd.+pproac~. ,perforrnan.q.ew~.retdeemed of @ufficient
im,portancs to,,war~,anti~n a.$$empt~d solution of the. full-span-
flap yrc~blern. ,~he:.choice of the latexal. control .arrangement
to be u:led;waa,,lax,g.qly,a. matt~.r,of picjcing the leeser .of a
number of..evll=, .4n:Vie,WIof. thelimi:ted..eu~eqes of $n8tialla-
tione. arid scho~e,ete~~ed.,up to that t~me,.. &.Peview’of the
poegihil.i.t$ee; h,owe,ver, showed that, as..regards ade~ua~y of
con$rol, .q.nd:mechani cal.’si~pli~ity, the spoiler~type lateral”
control de.y,i:ce.,had;the..a~vant q~e over slot-lip ailerons,
d.reaped ail,er.ens, plain,ailerone In combination with retxact-
a,ble.fl.ape;,..oz..anyof.the :other devices enjoying current fa-
vor, AB a aa.t$er of. fact, the only question tiark concerning
its suooessful appl~cation .to an airplane was it~ very erratic
htnge.aoment~ - a fault, also appearing in some of the other
po8eihle,.:qy8tems. Acoord.ingly,:the retractable :aile”ron was”
chosen as the most likely to suoceed. The .waya and means used
in obtaining satisfactory hinge moments and effectiveneau are
given he:rein.
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SCOOT hinge-moment coefficient j H/qbltr
7 ..—

scoop span ,’

—. =---
width of scocy edge

,.-

-..-—

sc,oop radius
1:.

rolling. -moment coefficient
,. .

balance aileron hinge-moment coeffici&nt, H/qS=
—

hinge moment of control surface
-.—.-.,. . .——

.area,aft, of hinge line.: .’.. .———., .-. -.—..,. :.
aver~age ““c.h’OFdaft tifhinge ,.

.....
..--- ,.._

......,.
ba’lance ‘aileron deflecti,o”ri,~

.-.
Fositive “d~wnwa.rd -----

...
scoop defl,e”c’t~on$po?i’t”i.ye,downward

.- :.
..

. .—.-—.-.. . . ,. ....
whe’el angle , ,..’4..

!:.’
wing span’ - ,. . ...

,1. ,’..
local wing chord , :

,. ,- ,._—u ..,...
,.- -...

total tangential srheel force’ .-:...__.._.~ ;.: .;:--W
-!

..., .. .
“wheel ‘ra,d.,iu.s ., .,1, .: ----.:! -=.:7,.. . .——

,, ..- , ,. ,. .! t. . ....-~

s;e”a~y.stfite win~. tip helix angl+
.-..”:-:;,;.;...:p$~iv

~.=.:.,. ,.,,,,. . ,. .,.
?.;,..~~t~ O! ~Oli. .,,

..-.
,t ..,-....-.,,

.1. ..*
.. . .,. ” :.C.--J-.. .

v ‘airp>ane for$ard velocity
- .

,, ,.,, ...

k“”’-
.,” .,’ .

control-surface effectiveness
()
h ‘for: conetant sec-.*

tion lift coefficient , ab , , . .::
.. -..., ,.. ,. . .

q :i~nami’c p,ressur~, ; “.p~a
t

,,, ...-
.. .’ .. . -

., :, ... ... ,., .
,,”,’ :- ..,.”.,.:.,.::....:....

P
,.-.”:. —... .>-.

mass density of air i.
.- -.

.-—
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Subscripts

u upgoing surface

z downgoing Burfaco
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DESIGN CALCULATIONS

..

GenQra~.- It soon became apparent that the EIolution of
the hinge-moment problem would be’ perhaps the most difficult.
Researches conducted by the National Advisory Committee fGr
Aeronautics (re~~nce 2) fin-ally had’ produced a etable
hinge-moment variation for a podifi.ed circular-arc spoiler,
but only thr.ou”g.ht~e use” oif”vaz*’ious‘vane’s,vents, and pas-
~ages, some of them apparently quite critical, Even then,
the resultant pilot ”forces were unacceptably high, and no
eatfsfactory method of trim control was available. Preliqi.-
nary tests in tire Northrop wind tunnel, directed toward the
possibility of obtaining stable hinge .moments with a system
in which the center of rotation and the centd$ of the arc
were noti coincident, showed no promise; pressure measurements
corroborated the speculation that theibxtbnding.hinge moments,
existin~~ near the flush neutral position were due to the neg-
ative pressures acting onuth.e”expoeed edge of the scoop.1
(These extending moments, when combined in an uneymmetrlcal
mechanical system$ produce unstable pilot ,forcSs.) While
these extenfiing moments were not directly proportional to the
upper-surface of thes,ooo.~;,nevartheless th’gir’magnitude could
apparently be greatl,y decreased by a reductian of this area,
as shown in the tests of reference 2. It was decided, accord-
ingly, to minimize the inherenti--instability of the scoop by
the simple expedient of reduc~n~,tts thickness “as mu:ch as pos-
sible, Calculations, assuming the scoop hinge. moments to be
- .,., ,,... . “, . . .

lTh{s term lfSOOODlt wj.11 he~e~~ft!e.f be”’~~&-d” to &enot~ a

circular--arc retractable aileron izI preference tip..theword
“spoiler, ,tLwhich connotes a dev~’$e;”-oap-abl~”Orily’of one-way
action and thus relatively ineffective on a wing already at
negative lift. ., ,,.
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pr~port~”~n~l to” the’ ‘pro~’~~t;o~:’:~~oopradius a-id “upp’e’r-’fi~~a’cb -

area. showed that the contribution of a l/4-inch-thick scoop ‘
would be quite neglig>bl?.j..co.~paredto:thd allowable hinge
moment . :1

—

It, was th~s. poesibl~t io<proVide:ltitePal tidn~?blkith * - “—’-—
very l’itt,leatt{nda,nt pilot pffo~t.. and”{ihere:.remaihed’ onl?’
56 build into the syst~,q”,.~positive.ceqte-ring ten?ency,, “sihe”
means of trim control, and sorqe degree of ,pilo:t..IIfeel:”..
Sin&e th%se; “pr.oper”tlesatie all, ‘‘of course, ‘available in ,t,h-e,
convq,,~ti,.onal.L,ate~al contro~, otie‘solution ‘of t~~ ,,difficul= ..
tie,s.ezlu.pepst,edwtis .to lln!& to ‘the “scoop sy”st”e~rn’’a;c,ornplq~,~
conventional aileron. of ‘sin-all“spa-n.

,~:
‘Thi.&.c,o’mg.fmhnj~se,‘syB,te,~,;..

moreoveri; eon.s.i,steal of ‘compenent”s “the ‘charact:@-r”ist&ci,of.-I.“;..
whic,h .wer~ :Suf.f.iciently explored” to” &l’low..of routi-rie‘ae~or...
dynamic- cale~lations’. It e’a.dvant’a,ges ~“or?.v~han “out~e-igh%<..,~ -
the 10s,s sof wing,’flap att-ending ‘the u80 of a, 8ina11.,convex-:,.,“.:‘“ ‘-
ti~nal ailero,n~ There now bxist~d”a retisoyablp- .c6rt@minty. .
th~~ .a~gO-pe.r,ceht.full-span flap, say, ‘cotild~$“e.m~~h~ ~ov Wo,rk +
wl.th.:a;relatfv~ly small ahount of’ dev81.o~m6n: time . , ..‘“f,, . .

;,:-... .,f.::.,!;,:.. . .. ,. . -“-,”’1.-,.“..- ..—,=
In “th’e’”inter.e-stgof a continuous ‘wi’ng:,$l;p, ~ndja~so.as *.. -“...,,

a .,c~~cession$ to con8ervati #m, it was. ~ecide,d. ~o lQcat?. the, ,:-
convent l.a’na.-l“balancel~ aileron at” th: wing t$p ~ . A pr.el,iqi-. *
q&By wheel-force.’ analysis, “n’eg~ect~fig~t.he- “ ti-q16-R+.~~oiz,tr~bu-~.= ‘-
tion, indi cat ed that a fil’df”n~fIa’p’“’&i~er on” O.c.cu.pylin~ ,:~~q--Orftqr ‘
wing %a~, z having a chord of approximately ’15”percent of. the
wi~ chord and a maximum throw of *25ro. J .,wqu-ld~. .Al,y,.,fq~mc,es

tin the ne i..ghbayhobd b%% 80 p’dund%’:wti’e:e~‘f,”or.ce .~tj~~. .pq~C&nt :0f .
maximum indicated level flight speed. (See reference 3.)
The scoop located adjaoent to the balance aileron andl-&tuap-
proximately 70 percent wing chord, to insure acceptable time-
lag characteristics, waa lai,d out, in ac$ordpnce” wJ$~ t~e

data of references !3’;4’; and 5 and the’ heti~d- of $bf~’r<nce 6,
to give a ph/2v * 0.07 in combination wit Q $hg bqlpn~e ai-
leron. Detailed c~.lculdtions for tha “?sfikl con figuraf,ion are
pr?s.~nted. belqw to’’illustrate the methods employed.. ,. . . 5 /,. ...?.i.!:..$’ ~..’.*.:

Rollin~ moment .- The effective bection- t-wis’k‘(k~)~,,~.~-e--~o
the scoop projectiti shove the wln~~ guYYtice.whs” o%ta%nea by
comparing the rolli’ng moments due to scoops (reference 2) with
those due to a convsnk~pnal, ail+rom’ (r@Ye. rencb ?) .occbpying
the same span on a geometrically similar wing. The experi-
mentally determined effectiveness of the conventional aileron

‘Lavout of the component parts of the lateral control.
system wa8 already limited by detailed structural design,
which it was not expedient to cha~ge. .—

.

-..
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was made the basic of’ the ca.l.cul’a.tion; thtis using the kqua -
tlon - .:’

., .,’”

0’; = “l/k &/i36a (k~a)

,,, : “.t ‘;

and stibsti+uting tihe value of the .effecti Qenese 3c@a
obtainea for. the plain ‘aileron ‘and the::known ,+alue of .k for
a 15-peYC~6nt’ chord plain flap (reference 4) “

cl = no.cIo16/O.38 (k&;] =,~0~00:42.(,k60), whereby; the rolling

moment,’”!s “~elated .to,,t~e’’’e,~ctiotwiwist, for the given plan
The sqoop ‘roJiing momenta, ~re. transformedi with this

~~~~~i’on’~ to y,aluejq’’fo.feffective. ~wiqt ,:(k6). The results
thus obtained ,arA,plot.t.edas ,th.p.d@shecl and broken lines In ‘
figure 3;. they “compare.,.favo,rably ,with unpublished Northrop
eectioh d~ta “(ful>-,li.ne)i! ‘,c.orre,@ionfor chordwiee location
ie made tising the’ r~kult,~ of ~efe~ence 8. While the propose”d
installat:lon was to:”incorportite a clot behind the scoop for
the purp”one’ of impT?”ving, ~~e la.terel.,control, it waa apparent
that at low values of ‘the wing lift coefficient, the net ef-
fect of t~}e slot was qu~te,.srn?l~ (sperftg, 3); andit would
be con~ervative tp’usp$t\e” $g,qtion da~q(at sero lift for de-
sign calculations rnade~~,n;acqordan6q.,y~th~t.he methods .of ref-
erence 6. ‘The balance-a~le~oq ~oll~.ng,,woments, computed in
the same wayB with no id~a~~ f~~.~.pO.k:Bi.til.einterference effects
were added directly”to tli~qcoop,contributi on to give t,he
total rolling ntoment,. ‘ “ ‘jt;,”:“~” ‘,.,~, -. ,. - , ‘..:-,..,’.,

P-61

.,
,----

the. .—
,.j+.>m.+~

. . .

y 0,360
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‘.Type:plain flap, 6ealkd gap --——.
.:),.!

‘h’~cati]o”~:’of~~board end .0.83 b
5

1 .“”

C~6/k = 0.105

~Zocaiioh p.f outboard; end 0.9’4;. ,! ,. :.,.,,’
...,.. , ,. ,, ...

Chord” af~ “’o,f..h~nge’,line 0.1,7C,- ~ ,; :’:-,.. , ...’ ‘.”..,...,.;. ..’ !- ..........,, .... . .!. )
..: Max. deflection ● ‘ “ *220

( /
.:.. .+.

c];: k are” fr?rn”referepce 6 f.er‘A.R1 6 .b ‘and “~””~‘~”.~
., . ...-—

and, an”ti.symmetrical aileron deflection, Ca denotes
6.. , .!’. _,.,~:;,.i:+l~

)

..’ .,, . .. .

“,;.a.f~/3~~;’, ‘“” , ‘“ ;’,’, “... , f:’ ‘. }:~:-:(i
. . ...’..

.,. . . . . . . —,. G---- ~— ___

,, ..;
. .“, ,, -“-—”

,~~r’’~he average ,rnax~rnurn”scoop exten-s%ofi”o”f”~j0.:?77ci”~th~ co==%
spond$ng effectiveness isj k$ =.7..6° (ftg. ~)y :Forthe. a~=.,
lerpn, the data of .:r.qference 5 gives “ktj “=22 x 0.2? =- 60,,
which ..corres,po,ndsto, 1.5°,.bf fully kfficti.tie.travel. at the” wind
tunnel ..value .bf k, ~~own in reference 4. !Ch~ maximum rolilng *
moment coefficient at :.low:lift coeffic’ients. is th~st’ :

,,-. .; ..-.,..-..

‘C~’: ti.366,X 7.6/2 .x’57.3”+ O,lO~~X’ i>57,3;’0a03&~” ““”’
.,... ;.... r<, ... . .... ... ,...--—. . .

‘ This ‘val”Ue was’ netier’c,~~~~ed on a complete w~rid-tudti~l”’”m~~ej:i”
but p%rnilar ealcul~t ione,,rnade for t,he wing- scoo? geomet,r~ of
>he tests. of rpfererice’9 ,whioh bdc”ame aviilablk at a later ‘.:“
date, ,Fgreet witliin,,y~<,pePcOn,t. with the experimental results;..... . .“ -.. .

.,,
Hinge .m~rne’ntg~=‘:Hi~~e~momeqt, rne~s~~emqn%~;a~-i,l,~b~,e”f;~: ‘—

‘ a ~1~’te-ty~e ‘SCOOP ~ave bqen reduc’$~’~~’o”co”effi”c~ent form’in
figure 4. ‘.The data, r&du.ced on the btisis of the spoiler. radf”-
us arid edge area, sh~y li”ttle consistency in either’ tes Y”-con-
ditioas or resulting hinge-moment coefficients. A consigtefit”
v4riation of spoiler epen,ing .hinge.m~m6rit with lift coefft-

‘ c’ientt as “fc.und in reference 2S is hoi sufff”c~ent. to bring ,the
curves into’ ~agre:em~ntt “ri’o.rade. ,the theoretical upp,er.-suirface,
pressures, ‘s,coo$’reitrac.%e.ii,,any indication of the mea.sur,ed’”,“,
opening hinge, moment,s. Tor the P-61 d.esi”gn.the data mast di-,
rect.ly applicable (bnpu%lished ‘Northrop data) were ,u’sed,
Balance-aileron hinge ~“(jments~were assu’~~d linear and esfir, -
mated, from the avail.’able data, to” c.o,rrespond to Uh5 ; -().,0,09,
including the reduction dqe, to the r’e’sponse effect.’l

‘Tha effect of angle of”attack change due to rolling ‘‘. .
ve,lociiiy. .,. .,. .,

;.4, ....... .-
.......’., . .. .,. *l.. -~, ,“,.“,:.”.. ‘.-., ,, ?,, .- ,.:.:>:.::.;.’; .z ...- b’ .-

.-—
..— —--
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With these data, the geometric relationships o.f figure .

S, ‘and the dimensions of the COnt~OIS (s~,= 5~8?t

f~ty = C}olg fta), the total.:”wheel fo~ce”’w&E calculated for an
indicated speed of-255,miles per.hou~+,,q~}~g:~ he%~quati on:

.:.-

[

1’. :1 -J -. ‘:”

PI = qtb’; “’”;~~’(d~a;d~)
1

+ Ch’ z~d~=(dw~l “+ 2@CQ8 ,b& ‘6a/dw
u ..u ,. ,,,. ’-”’...“.,

The last term corres~gtid’e to the bdlance aileron contribution
and is doubled because of the symmetr,y of the control sy6tem......

l’”
.. ,1.,. - .

The results of this calculation are plotted in figure 6P
where the spoiler ao”ntribiition””ts”seen to.be quitk”negliglblet .
provided a .mln~,mum.,.gap<is,mq.intaiued ~, The possibility of .

overbalazice n64r the:ne’utral tihbel position is illustrated by
the case of the 0.004c gap. It was clear that small changes .

in the geometryt especially if they Included an increane in
spoiler thickn”oss, could easily result in an unstable region
near ne:utral~ $ince’.th~,.magni:tude of.the unstable Ecoop con- ,

tri,bution appe~rqd l~,pgqly ’..unpedicta~>e>e,ba,cause,of p,ossible
.

structural def:lect~onq,r.acFle.e,ffectv or aerodynamic i.nterfer-
encet a lmrge balancq tt,ab.(als,o used.for .tri,m) with adjustments
for pos.ftlve.o.r negatiyh .bo.is.twas @ca~p.orated in the balance-

.

aileron de?i,gn.. I.n,.t~h,i”?ewa’ytthe,.bql~noe-jqil.e.rQn,contrib.ution .

could be adjusted ‘b,+~1’ight te6t to be jus’t sufficient to ’over-
come the .l~ria,tabl.e.,G,co,o~.,,a ,cond,ition,ob~,ious.ly,giving ,the low-
est acceptable pi’lot’’”fo’rc”es:R’urt’he”r;’it “waa ‘decided to re- ,

slst strenuously any compromise with structural weight require-
ment s wh i“c:.h::Imi”glit.‘i.ncm’a~se ,b,he e,f’fic tiva .thli.a~.me S.S ..,of t’he~.
SCOOT, ‘@In&e tth-e”-su,ceess’of ‘the“codbined-s.~’st:’emmight “d’epend
on thtis+!p:o$nt:;’. ‘:,.’}:..(.,. ;~..,. ; .,!‘ .. ,,.:.: ;.,..:, :.-i:...

‘..!;.,,. .... . . ,,,, .1 . ~, ... ?.+,.. “1,!..: .!,,....
Air “[lo’kdq.-—. In order to obtain the minimum aliowable ‘scoop

thickness,’< ‘a’c:eurate :htr’:Yu~d in fcr.una%ton’waa ..p’qqui~:ed”,~T,he
data pl.u.t-tie&*~~n~-f“i&ur e 7,i sh-uw-that the r.slat~ve ~laad dletr.ibu-
tl”on ‘is”’’ih~~jyen”debiof:gooop ‘deflec’tfon a%d,:the’ ma&nit.udO ‘:of‘“
the 10a~’ ‘i:E‘Qppk”oxi~mhtely ‘p”r’o’p’urtio~’al”to ‘th:is,’&&fl@:ct’ion, - ‘
Since” dk”si:?~ble tihbtil”-f:orce”s’’d&’’h&te-gcek&k&“8@p.o’d’n&s‘at 80 p’er-
cent o’f m~lcihb.k’ inlli”cated ~.pead: in “le’val”flf.gllh,.it’”’ls ph~e~-; “
Cally ‘Qb’ssible.’fok’~h’e -piLot ‘t~ 0’~t’a’i.nl’fi’11’!wh~eel “th’row’at’ very ‘.
high’.~peed ffr,. Ih the’ pr%bent appll’b,ati”on,,the sc”oop “d.!sbigntion-
ditlan ‘w*’s taken’ t“o cor~~a’p”okd~t-bfu,l~.~~t-e~s’lo~‘in a.di~e<,.._
De fleet i-on “o”f’’th”e’co.~t~o~’ s~,ste,rni.~~h’~~h“.o~~-~’tend’t”o~reduc’o ‘.
the avai !l.able ficbop’6’k%en b’i.oii’{’wa:$“’“rie”&~6dt&&. Sta’tic:Btruct”ural
tests’ Mnowecl‘that ,4.l/4-inch m~gtie.sium.plate,: fo~med to--the
proper con$onr aild in&br@br”&t lng~ hijlfar~;wel,dbd hinge brackete, #
would take khe d“esign:load thus~datermin~d;’-sa far, the’ ”basic

., . ,,, ,.,. . . ,,. ,,. .,.,, ..-. c..,, ..
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requirements for a successful, lateral contro’I of the type -
under discussion offer6d little difficulty. Some further de-
tails and conjectures that went” into,the complete-design are
discussed below. .“

. . . *<, ....:--- .. . .. -:..,
SCOQP peomatrv .- The scoop-flap ”eection geometry was

patternea rather closely after the configurations investigated
by the NACA in their spoiler-slot plus slotted-flap investiga-
tion. (See reference 2.) A rather blunt slotted-flap of ap-
proximately 25-percent chord wae supported at three points in
the outer wing and actuated through a four-bar linkage which
gave approximately the optimum flap-slot configuration for the
important flap poaltions, (See reference 1.) l’he scoop was
placed just forward of the flap and hinged as near the ir~ter-
section of the rear spar and wing mold ,lines as structure and
torque-tube eize would allow. The scoop zadius was determined
by the requirement that the down-travel of.the scoop, he at
least 40 percent of the up-travel, but that its maximum verti-
cal projection below the wing be limited .as uuch a“s p’ossible.
The latter require”mentc it was thought> would minimize any ad-
verse effects due to down deflection; the firet requirement
would permit approximately linear scoop extension with wheel -
angle - a requisite of effective control near neutral - with-
out the hi&h acceleration (and the accompanying lt.hard-spotll)
that would reeult from a large differential motion. The slot
behind the scoop was made a constant width of approximately
1/2 inch, except for the lip whioh was. brought as close to the
scoop as possible, and left uncovered at all times, The drag
penalty thus incurred, it wae thought, would be little larger
than that assooiated,with an unsealed trailing-edge flap, and
the alternative - to incorporate a plate along the upp@r edge
of the scoop, which would seal the slot for “neutral and down-
ward scoop deflection - would-drastically change the nature .
and magnitude of the scoop hinge -moments. .

,,.\

-— ._: >--.-; .-.,

—

.’

..

.
:

*

The final section geometry is shown in figure 8. It
should b.eraent~oned that fOr ~h~ max~mum extension of’:666 the
lower edge,of the scoop is above’ thw upper wing surfacs by
approximately 1 inch. As”indica.ted ‘ltire’ferenc~ ‘2, there-is
no change ,ineffectlvene,ss ,witli such an emergence of’the scoop.

,“ ,} ‘,.- -. -’
Fluttmr considers ti“ons.-.“Tlie 6COQP”’WRB dyriamical’ly bal-’

anced abou,t its hinge ~in”e anti..t.henacelle centerline by a
linked. counterweight; the.,b’alanc~ aileron was st’atioally bal-
anced about. its hinge line by ‘two attache’d weights. The pur- .4
pose of these .pTecauti.pns., of’ course, was. to prevent the” oc- .

currence, o? wing-aizeron flnt.tar.within the flying range of
the airplane. , Later: ,fl,~t$.ercalculations, ’using ‘data available
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from .grlohn&vibrati on te6ts”;”i’nd’icat6’dtiHnt’”ths “fairly cog- ‘
plicat”ed” “~’cdopc.ount.srwetgliicoul’d ti& dltmi’rie,”tud%y :ove:rbal-
anclng .thO..tialafice.‘at”leron, pr”ovided t-bd Mtika’$e betwti”en Lb
and the scoop were ve~y rigid. In making such .aal’cultition!s ~
and also ia estimatijl~ aileron reve~sal spaed, lt ~~e neces-
sary to’ know the aect”ian pitching “ra,]me”t~t’-sd.ti.e”to a scoop;
These i?ere fledz~’ed’f’i in tfig data of “r.sf&retic’e 8 aid ‘are ~ho”wh”
plotted in. figtire 9 fiia’’-.the’form of ce’n”t~r-u.f’-progs:ure’l,oca-” ‘
ti on. A~tivning the e~ihat’ic“a~ily”to GoizIcid6 Wifh tke “wing. “-!
quart er>’ohord pcint , ~thase data i’nUleat”e that; for” a scoop””” “.’
located at 72-@ercent chord, ‘the wir,~ ‘tofr”k”ionalinomaate due
to the BcoojJ e’xt’ehflzo”n&re. ,appr-oxima.tely b“vo.--flfths”of the
mom’ei~t~duo”’to the’ d~fleetio”n of an equa’~1~’effective trail- ~
ing--edge flap . TM.6 meaa~ that for a glvefi wing rizldlty’ the ‘
reve~sal e-~~”etiGfa saobp kotitrol ib ab’out 60 percent higher
than t%at of a conventional” control-; ‘If the: eiastic axi s“is”
farther aft, the degree ~f .im@rov”ehent ik even greater. ‘
,, ,, .,,,. -:. ,’.

filfli,~~t ch~n~o~ ,- W~ehrthe “system has &ompletwly in-
stalled in the. airplane, it was noted’ that rapid “manipulation
of’tho co~t~ol”.wheel on “the”gr~und”p$o ductid an’a~preciable
lag in tihescoop motton because of.:the: eomblned fne??tta and
flex f3i13tyof the”’ayetbmi ‘:To rehdtiy’%hi”s”,th~: kcoop torgue
tube; ‘whioh~haii been “deelgned t)o strength 7reqtiftbments onl~,,‘
was greatly stiffened, ‘and;:”iti~add’ftitonjthe i,ner-tltiof” the
scoop was lowered by drilling out enough, G/4 Zfnch ‘holes to
reduce ite weight “.tipp’rotiimately‘2.0~d+cetiti,’z4:{See’flg..8;)
A rough .check. in.!the.’NoFthrop wind “’tdi-ini$l”ind$cafdd that the
lose In effeuttvexie$s du’e,lio’.a3.O-per ce’dt,d%da. Peducti;icin,‘by
means Qf uniformly .’spdceiiholes, w’ould :M~~~afipddiimat-#ly-’15 ““ “
percent , (This Iresul’t$is in good agrbeme’rit‘iithftidas”u’fldmentsz ‘
of the .e:Ffeot~of:pe:rfaiat ions on split :fl”&p”s,”’‘(See””fieYtirenc’e
10. ) ‘ TO prevent :“ihe.1()-peicent 10~s c’o~r6sp&n”df.’~~‘CO TfMd = “~

actual perforations. {20-> eraent ar~ea:reduct f!dn); tilie”‘6;c’oop ““
was fabric covered.

,..:’:,; ,.. .. ..... ... ..,., :,7.., :,,!’:-.J’. J:. ...... ..-.
~,Fli,@t ,te~et’s,- ‘P.fiellmln.ary~flight t&s’t~s‘of...t”e”e”new ,l&t’-

eral-cant-r,o’l‘firrang’eme.m.tshowed “itt’to b“e.ge~~ral~y “’ga~”iBfac._ ‘
t Ory. ‘fF.OiIJ”,.&h9.’standpqi’:n$: of: Iat eral-c’ontr 01. “!f:o’p’Ce’s &-nd’” re:- ‘

ep.ons.e... U.hf:art.uaately, h~wever, lb’ti~~ctian’”‘of the’ scoop and
slot structure after each landing indf cated that serious me-
chani~al -~,mt,er~fer,e-~’ce.was: o.cnurring.durlh~’ ‘fli&hC’ This in-
terfer.ence matii,f.e.sted.~taalf iprimarily “ih”repeat ed failure 0? .
the, lower: bI1.so%:,23:pw.h.ic.h ~a:s<pro<g.r~h.slve”l>~b$engt%eke’d-,’and
in abr.as,$on O,f.rthe! ,fa%ric::.sbbop cbve.hi~gl.i flt was deduaed ‘
from. .thi.si@vi.d,ence that.j undak tha l.nflu&hti ti”f“airflbw”through’
the s$.ot.b,,.~h~s.cb~~”was ‘vlbr&t$n”g. qtiite Tl”olkntl-yt.tind$ accord- ~
ing,ly,;a$/9p,s:.waretakep., to!deterrn$~e’’. thb bontiit”ions tlfidi’ncdes

.

.
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of vibration. Electrical strain-gage pickups were cemented
to the lip, the hinge, brackets, and the SC$OP, which ~as left
uncovered for ease of i’n6p’ectionj and the’ir ‘responses were
~hserved in flight throu~h use o-f”an: oscillos-cope. Thea-e Gby

servations showed that abo~e a“’relatively” low air”’spe:edthe
SCOOP vibrated quite ~iolkhtl~ in a chord”tiitiedi.retiti~n with
nodes at each of the hingebrackets~ the ~mPlltude ‘f. ‘ibra-.
tion being apparently liinited by-contact with the E1O$ walls.
These vibrations wers not felt by the pilot at any time, pre-
sumably because they included no vertical or rotational com-
ponents; It was be~ieve”d thai these vibrations ““were the re-
sult of air flow throu~h’ the slot, a faot later su%stanti.ated
and reported in appendix” I:. In order to eliminate. all flow
through the slcit$ a faf.ring &trip covering the lower Opening
was attached to”the bottom of the wing. ‘(See figs. loa and
10b.) This expe~l.ent Wa&”fmmediately successful in elirninat~
i g all signs of vibration;
a

“And contrary to expectations” W-as-,
*. 1 the pilot”ls;opinion, riot appiecia%lyr.detriment al to the

effectiveness wl~h flaps up, even for small displacements” of
the perforated scoop. (The fahric” cover had ‘by n“o~ “been iiis-
carded to facilitate.production a?idmaintenance.) The affeet.

. of the blot co~er o’n airplane performance was’ .expeate~s if’
anythlngt to be slightly beneficial,. since the fairing was
loqated in a rather- ‘noncritical spot hnthe wi!igt and i! ‘“

,
eliminated air flow”lo.$ses ‘through the slot. “It remained now

. to ‘Hetermi”ne~ the characteristics of the reyquantitati,tvely,
vis~d ‘ard-a.ngem”e’n%prior to final acceptau)ce . ‘ :..’” ->.. -..,.:.,, ..,..,,...... ,,

.’

“.

*

,,
. #B&fere.,th”ls cou~d “be done, however,- ~ndiher”+prohiern.adoie ‘-

in eonneeti,on “w’ith’the approach and ’landin~ conf~gurat.iens.
It ~as’tfou’bd”;” wiih the wi’ng flaps full d.o~wq:ah”dreg~r.dledq. of
the power eettingt that’ the alrpla.ne)”s l~teral behavier was
unsatisfactory; pilots who flew. tp,?craft .complainqd, ,of diffi-
culty Ip’’co”titr,o”lli,,ngth”6 airpl’a”ne .tn’%q,ugh air.’ Wind-tunnel
tes’ts,had ehown no ch”ange in “effe”C”tlv6dihedral”;wit,h flap. set-
‘t’ing’fek the power-off edridition-i”and since furth”?r ‘flight ‘in-
vetitl”ga”tlorirevealea a “dead repot,,U or.”rigion of poor. effea-
t“ivetips& in %he lateral, control n’eti,rneutr~l. it ,,wag;eonclude.d
that.herein’ lky thp difficulty. buring the flight irivesti@a-
tionb letiding’ to this conelu~.ion, it, was discovered tha$ s.eal-
ing. the”outboard flhp slot with a metal plate improvsd the lat-
eral ‘control and had a minor effect on maximum lift. This re-
sult was vbri.fi,ed by furtheb testti’madb with a more practical
cloth se~l (figs. 10”a and 10b), wherein the stalling character-
istics were fully investigated and’ found ‘to-be essentially un-
changed. (See fig. 11.) The large effect of the flap-clot
seal on the lateral control and’ its negligible effect o“n l$ft
eharactertstics are not yet fully understood; furthez feooa=h,. .,, ‘,

-,....,.’ ,. --

.—
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on the pr:oBlnm, wkloh has thus been solved practically but
remains unexplained theoretically, has been tenporarlly po.st-

.

.

poned , It Is b“elie”v’ed,however’, that the effect’ of the flap
“clot on lateral control is due to the faot tha”t“a small GCOOP
extension aupaents the f’low through” the” flhp slob, thereby
~.n”creas!nq“the lift and count”era”cting the intended ‘effect of
the original control deflection.,,

Examples of the “rolli’n~-velocit~ data obtained In flight
are shown in fi~ures 1“2 to-18 “wherein the wihg’-ti.phelix
engle, pb/2V, corresponding to equilibrium rate of ro31 is
plotted againet 6COO? e’xtonsion in percent of wing chord.
The data show that, w,ith the flap re~ractedj the scoop slot .
ia not required to produce an e~sentl’all~ linear var~ation of
rolling veloc.i.hy with scoop extension. ‘Alsp} the control ef-.
fectlve’n’ess remains.~ract”ically constpnt”for all the angles
of atitaCk”ti”~ted. It must be remembered’; howpvcr”i that these

.

ourves of pb/2V versus suoop deflection ihclude {he compo-
nent oon%r%buted by the ‘Ibalancell aileron; ‘!l!her6la time no
neoessary disagreement, betw”een these data andt%mse of refer-

.
.

,pncee 2 ~lnd.1’1 which” indicate respeCtiv~lY-t~a t ~ for-a Pure
scoop ~ys~”em, the slot- is required for linear control and
that the effect ivenees”clecreaso e with fncreae.i,ng lifti coeffi-
cient’, At any rate, the rolling-moment characteristics ex-
hibited here tire yracticaIly ideal, pb/2V~ being di.~e’ctly

.

,proportional to-the at!oop exterieion, on~yf and haVi’ng a max-
imum value slightly ‘preater than tltat ea’iculated:i The ef-
fectiveness in inverted flight h~e been found to be very good - “
a result that “surprises those’ who erron~ti”ubly “~o”n’sf’d’d’g”the
control a“~’epotlar~~.’~i“the true se~ise’of’%’he:zwd”rd-.; ‘-r ‘“ -

.,,, , 4- ?,. #).:~,,1.’...

The original ‘.lJitetid.sPo&l~.I.ritile.cdd”t.r.ol,m.e#fg+~b~iv-.enesa
~ith “fla.pl]down “and “sa.b~p Clo!sed.$t’iasho’w’n~i”n:R1’,.gliT:’e-d”.15’and
16, the-exth’nt.of the .inef’f.ectiv’e.:r.e-gioncover’%n:g-.”d”~prtiximately
20 ptircentm:df full travel; ‘Ii~feren’cdto ihe’-‘sariQ”fig’bfe..swill
show thdb trke’~effeot of ~eali.n”g:th% flap s1o’%“1s’t’bbl”l-miriate
this ~eg~,cn.of.po or” contro~’.almo.st~ Gatirely. A fUrt”h8r’’ifiL
crea~e fn e!ff~c”t%ven~e~ 1.s’obta~ti’ed By openln’g t-h~escoop” elo”t~
as indica~ed’ In figures 1’7 and .18.” These result-s”are””nll in
goott a~mdede~lt with the orlglntil; speculations as tw’the c-ause
of b.he~“-d’e’Rd.ep:ot’l”and indicate”t hat’ a completely effective
roll. !oo%tr.o’l‘c”ouldbe obtained’ “wi_thboth flap s~ot and S“COOP
slat: ape’u, “This”poksibillty,’ howeverl w.a~..discurded”.from a. . . ,.

%a’kl];~ o,lP‘ tke damping in roll, equal to 0,45 from.,.-,
ref~remce-’6 and reducing the calculated scoop effect~veneas
by 10?pQreeatfoi perfokatlons ‘pb/!2V = 0.0324/0.45 = 0,()?2,

‘.

“.

#

.-
—
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.’
practical standpoint , since a method to pFe-vent “vibration
with the open slot was not immediately evident : whereas the
scoom-slot cover and fla>- ilot seal could. he ‘readily applied.
to the airplane with <apparently””no deleterious ”effects on
the stalL, and without seriotisly limiting “the available Lat-
eral control. ,, ., .-...-

‘l?hefinal configuration, embodying ’a’<erf”or:ated scoop,
scoop-slot cover, flap-slot seal, and zerb ailer”o-n-boost tab
wa’s fligb~t checked to determine the magnitude ‘of”t-he control
forces. The r“esults of these flights” a“re %hd-wn ‘in ~-gure- 19,
where, negle.ciing an appreciable “scatt’ert i’t‘m”ay“he noted
that the pilot force varies approximately linearly with scoop
extension and dynamic pressure. Interpolating for a speed of
258 miles per hour indicated, the force corresponding to a

, maximum scoop deflection of 7,7 pert’ent f’s re’ad“’”a”t”!82 -pound~,
a value in close ag~aemen’t .w”itli”that “ca.lcu.lat’ed.for this
speed . The forces requirefi for lateral control may here be
seen “to he relatively small for an airplane in this class..

. Ae a matter of fact, the forces required for lateral trim,
even under single engine operation, are so light, that it hae
been found feasible to eliminate, entirely,: the aileron tab.

, . .. . .,
. Concluding RU”~ARKS-

.

... t, .. . . . .-. . . ... . ... . .-. . ..,. :“1 r .
. 1~’The’ results afrthis developmeirt pro~ram indioatel. to

-.

some deg~ee, the success obtatned with &his’new lateral-coti-
trot ~rrangement.’ Anoth”&r ‘indication is” the untverkal enthu-”
siaem with which pilots iha~e acceptedthts tinconventional ~
control. Thby, particularly appreci&te ;ttsIcharaateriBti~s ‘at
high speed.: The combtnatioh of light” forces”;;favorable ““yawing
moment, and .1OW wing.tor~~~nal m~ments,;.,make ~t..a+er~ eff8c-”

tive , easily-applfed cotitrbl’, “The. cotitirol&vdll&blg at ‘arid-
through:the stall is also :rernar.k~bl$”good, .although’ t~i~’bhAr-
acteri.stie ma~.”bg et~”ribut&&>, in par+, -to faiiFeX6eptfonally ‘
godd wing stalltn~ pattierd -r.athe~’’fhan‘enfffibly’-to-t%e”u”s~-trf”
the .$poiler.-type afl’’erozi.:“Id the’ lan~ing ’”cbfifi~biatfon; *lie-r
lateral-crotitr.dl:effe.dtt’venss”s>;tncrea-est i,tiitorndtfcal-lf~i~th:tk~
extension of wing fxaps’ ‘so ‘t%&*!jOW&&&~- &UnjFrOl ~ls ‘av”a~z~~”~e”’
during the apprdacli. Ttiene ‘ys;:ho~etier~ a decreas.e””ln .e-~”fe-ii-~
tiVenes’s for the “first 5 p’arc’e’nt‘o-f“the “whee’1 tr~~~el wit~”a’
reSUltant “t”ende”nc.y‘for”ine’xp”~~”i’enced p“irlo~s ~“. r@”er:.~o~~ro~ :“!‘-
sligh’t~y”“at 10# S@e’&dd’.:The ‘fact that ‘th-e~k’tl’ei”onoa’ti.;bs’- ‘-
fU~”.lYU8”&!ti“at t~eJ.sta.11,.ho~leve”~;‘rnd-%e’t“h~n’‘c’omp’en-sa~t~es‘f~o’r‘ “’<
ttiis ~tis’s.o:f e.ffe”ct-iv”e-~~ss.With ‘?I.&-y&’li~o$n””a%.d”’”~r”eatly”‘IS~-~’~~+~~ ‘-
hances ti%~’~i’rpla~~~s lan~~tig-pe’rf’orman~b.~~=fi-~.fi.::,.-.=.

.-
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2. The scoop vibration that occurrea inside the slot
during the prel.imin4ry f-light tests can be eliminated by

.

.

closing the ’lower-surface slot. - Closing the slot. had little
eff=t on the control “flaps-up, but with flaps down, the ef-
feat was detrimental unless tha flap slot was sealed.

3. l:he inportant aerodynamic characteristics of the
sy~tem - control offecti,venes~ and pilot force~ - have been
calculab-ed. with sufficient accurac”y ~o make we a~plication
one of routi.innaerofiyparnic compubat-iono It is believed that
the use cif rnethods,,pr,esented will..give Batisf.qc.tory retaults
for the ~,erod~na.miq ~esign.of spoiler-ty~e .la~.qua~~!mti~ol . .-

Syskems: ::.-.:.-:!.:f..,.“,..’,,,’,., .... . . ...-
..- .... .:.’,...........-. .-f.. ; .,,- ---- ----
..:.,.. , ...... ,.., ... .. 1. .

Northrop ;AiToraft~..Corporati.on ‘.-., ..;~r.:,-
.,

Hawthorne; Cal’if., October’31, ‘1,945.: .. .

SCOOP VIBRATION TESTS
, k

In order to determine the cause of and to eliminate the
sever,e ch’o!rdtiise~’wacro~.vi.br,atiioiz:enchumtkr&:;Ln flight tests
of the P-61..air@ane’ at .a12 apee”ds!.tnimctiaw o.f’”140”miles per
hour , a full-.ais~ Wo”odah mo.ck-~p:.o?f“t.hi?.,ai-rpb%heOUtier’”.wing
Danel, equlpn.ed%lth FLproduction s~~.j.~.%j th%ed ‘iti’the
Northrop kincl-t-un’melbullding.- The;.inmxlmruin:v.elac.i!iythkough
the slot. was eq’ul,va-lent”to a’dy”namicipr.ek%ur’e of’ab.obt~ll
inches of .watier:,;aad,wa.s obtained.by” ktte’uee’of:.a’”R%es blower
which was con.n.ec.ted to.the. under FfLTface:. of, the .wix~g”by a, .

qerlee of:canv,as,-.dncp~,. T~a. s.ta,t,ic.:p.ree,sure ih the bag belcw
the scoop Was .eq.uivalent,t9& &eight~Of!.&7t5 inches of.water.
These pressuyes ~.emained,:fairJ.y ee~a$mnt :.throughout the’ tests.
SCOOP y$bra,t,iaq;fy,equenciss~w.e.qs m~asyred,.,vtih a strobotac,
whilg ,vdbra.tian, ampl$$u,de.,was:,~eas~r~d...~i~a-a rnarker.pla.te in
contact w~th~a marker at:tqched tp the.,uppg~.yedg$ti.o?, the :, f
spoil er. . y21,triqg..the...first, f!sw ~est s., $t b~oage-,~pparent. tihat
the scoo~ yibr~ti~ps yhr~. very senaitlye, ~$q~duct .characteria -
tic~. At, ,firsi,,.the Irnain duct from the blower .wap attached
to the SCO~3P fiuc~,:~.y,qeans ,of a square “uoo@q. frame but i-t -
was though!; that, this .entrancq. to the ~coop.dudti was causing
some Inter ference, witb the ,flowl so a cylindrical sheet, metal
section was substituted for, the wooden fr~me...~.hig,ngwgw ..-’

‘.

“.
,

#
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arrangement ‘made a:m~rkeddifferdnce i~ the vi bratkon char- .
.acter.istfcs;m ‘ ::.’:” ,:; “’ - . .’: - . .. .- - .-—

...’ ,.,,! “ ..,, .. ,-:: —.,.”:.”” ....
:’With”the scoop’def~ect~d up 30°;~vibrat\onk ofj5QO0 “~ ‘ -

c~dles’fier minute and .amplitiudes’:df”l% inches were measura”d;
and-it was impossible to stop theide vibrations by any rn6chan-
ical’me~ns’ such as rollers; felt pads; or guides in contact
with ‘the “scoop either in the ocoop slot or shove the wing. ‘-
With:.th’e’.scoop full~. dsflected.and completely outof the wing,
it was possible to stop the vibrations with a rubber-roller- “ “
damper mounted above the wing and in contact wfth the front
scodp face; Then varl.oue ‘aerodynamic means “were tritid.to
control the’ scGop vibrations;” these ’means consisted of span:
wise strips of felt seal in ‘the .seoop slot, metal vanes to
de<lect the” air flow off the rear face’ of”thespo$ler, spring
loaded doors to seal off the flow through the scoop slot when
the scoop was completely out of the wing, small spoilers at-
tache~ to the leading and trailing edges of the scoop aileron,

. an auxiliary slot in the wing mock-up behind the scoop aileron,
. variation of the scoop slot gap at the lower eurfa.ce of the

wing mock-up, various degrees of roughne~s applied to the
rear scoop face, and spanwise grooves machined in the rear. scoop face. The auxiliary slot eliminated scoop vibrations

. at all deflections; spanwise roughnees strips of thin string
or tubing applied to the rear scoop face almost entirely pre-
vented vibrations; and coarse sand or cork roughness” sprinkles
on laca-uer over the lower 40 percent of the scoop rear face
entirely eliminated vibrations except with the scoop corn-“-”

..

.-

,

pletely out of the wing mock-up, where a rubber roller
ing the scoop easily da~ped the vibrations. All other
tested proved to be partially or entirely unsuccessful
inating the vibration.

Subsequent tests on the same setup, with a strain

contact-
means
in elim-

gage
installed on the front and rear faces if the scooy near i.;s
top edge at the center of the unsupported span betwden the
outboard support”e indicated violent vibrations of the scoop
in its original condition and no vibrations when the rear
scoop face was roughened.

Three flight tests were then made with the P-61A airplane
which had the. right-hand scoop slot open, right-hand scoop
roughened with cork S.n lacquer, and strain gages attached to
the inboard scoop halfway between supports at the top edge.
Strain-gage and oscillograph readings were calibrated approxi-
mately by means of ground vibration testis before flight . Re-
sults of these flight tests indicated no vibrations at speede
below 275 miles per hour in the cruising configuration with
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.the Gcoop in neutral and deflected up and dQvn. At epeeds of
275, 300, 325, and 350 miles per hour, cruising configuration,
and ~t s~eeds of 140 and 160 miles per hourt flapk fully de-
pressed, low-frequency vibration of ~bout 1100 cycles per
minute were encountered, which were .sa~eti.mes spasmodic, At
350 miles per hour, the amplitude. of ‘vibr”atl-isnwith the scoop”
neu~-ra~ was .a’b~ut3/L6 inohi On one of.the fligh.ts.~.yl.b.ra-
tions of tha orde.~.o$ “400 cycles per. minute wti= an amplitude
of .],essthan 1/16 inch were encountered at a speed of 335
‘mil,es pe:r hour.

.’.
,Oompari.aon of these flight test resul~a with the vihra=

tion tast results o%tained with the scoop. in the original
condition R,holvithat roughening tlo rear SC60p face bad a ,“
very favirable effect In raising the speecl at which vibra,t.i.on
was encountered,.,
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